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Tb. presen, invention relates to mixtores „f subs^s based on orlt^.Me 2 ^ 5 
powers and a, leas, one further aubs.ar.ee or eo m pS, 9 pr?f^|^ jfcUlIP «W 
from aqueous suspension, particularly preferably orosslinjced functionalized polystyrene 
po.yn.er beads, and alao to «- use of SU eh mixtores of subsunces baaed on 
organopolysi.oxane polyeflrers .ogetoer with crosslink lunctionanzed polystyrene bead 
polymer beads aa free-flowing ion exehangera or tree-flowing adsorbers, particular* 
preferably nee-flowing monodisperse or heterodisperae anion exehangera or cation 
exehangera, bu, also free-flowing mixtures of anion and eation exehangers 



Mrxtures of substences of crosslink functional^ po^tytene polymer bead, and 
organopo.ysiloxane po.ye.hers and ttteir uses do no, ye, be.ong to the prior art However 
me flowabffity of ion exehangera, for example, is an import*,, preperty for their technical 
handhng during further processing, paelcaging a» d U se. Ma flowabflrty is of paincuIar 
nnportance when fhe ion exehangera are ,o be eharged info eartridgea or smaU filters via 
ftumels or oflter fining systems having small oufle, orifices. Cartridgea and small filters of 
■Jus type are used, for example, in homes for preparing drinking water or for softening the 
mams water, to proven, limeseale and remove interfering ions 

20 

Conventional ion exehangers genemlly, after meir production, do no, have adequate 
flowabimy. In particular, monodisperee ion exehangers exhibit poor flowabtlity, whieh can 
be asenbed to stiong adhesion of me beads to one anoflrer beeause of me formation of 
regular and ngh, apherieal paeldngs and aiso to me enetosed residua! water. Monodisperse 
m me presen, invention, is used to fern, those ion exehangera whieh have a narrow or very 
narrow particle size distribution. 

The produetion of heterodisperse crosshnked po.ymer beads is described, for example in 
Winterers Eneyclopedia of Industrial Chemistey, 5m Ed Vol. A21, 363-373, VOI 
Veriagsgesellsohaft mbH, Weinheim ,992. S„, phonation produces IMm 
heterodisperse eation exchangers as described, for exampte, in DE-A 19 644 227 
Heterodtsperse gel-type or macroporous anion exchangers are produced .herefrom for 
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example, either using the phthalimide process according ,o US-A 4 952 608, or using the 
chloroether process according to US-A 4 207 398 or US-A 5 726 210. 

According to DE-A 19 644 227, heterodisperse cation exchangers are obtained for 
5 example, by dissolving, in a polymerization reactor, a cellulose-based protective colloid in 
denuneralized water and also disodium hydrogen phosphate. The aqueous solution is 
stirred a, room temperature. Monomer mixture consisting of styrene, technical-grade 
dtvtnylbenzene, dibenzoy, peroxide (75% sti-ength, is „„, ^ ^ mixta[e „ ^ for 
6 hours a. 70°C and for a further 3 hours a, 90«C. The resultant polymer beads are washed 
wtth water and men dried in a drying chine,. 78% strengm sulphuric acid is placed a. 
mom temperature in a reaction vessel which has open access to atmospheric air. To this are 
added polymer beads. U-dichloreethane is added with stirring artd the mixture is stirred 
for a former 3 hours a, room temperature. Sulphuric acid monohydrate is then added The 
mrxture is heated to 120°C. As early as during the heating, dichloreethane distils off The 

n UX ti J reis S «irredforafmm CT 4hourea.,20-C.Merstirrmgfor3.5hourea, 1 20-C airfs 
blown through the suspension a. 120°C for 30 minutes to remove any dichloreemane 
residues still present. 

The suspension is transfer fo a column and charged and hydrafed from me ,op using 
20 dtffermg sulphuric acids of decreasing concentration and finaffy with water. Alternatively 
all operations are carried out under nitrogen. The contents of DE-A 19 644 227 are 
tncoiporated into the present application by reference. 

Heterodisperse gel-type or macreporous anion exchangers are obtained, for example, by me 
phthahmide process according to US-A 4 952 608, fh. content, of which are incorporated 
mto the present appheation by reference. In mis process, for example, phthalimide and 
formalm in 1 ^-dichloreemane are firs, unreduced and reacted to form N- 
memylolphmalimide. From mis is produced his(phmalimidomemyl) emer. Fits, oleum 
men polyayrene polylIler ^ ^ J% by ^ ^ ^ • 

suspension is heated «o 70»C and sffrred for a further .8 hours. Dichioroemane is removod 
from me sys«em by distillation. Toe resultant polymer beads are taken up in water, sodium 
hydroxtde solution is added and the mixture is treated for 8 hours a, 180»C. After they are 
cooled, the resultant aminomemylated polymer beads are extracted with water by washing 
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c) 



Hetered.sperse gel-type or macreporous anion e xchangere ^ however _ a|so 

example, by the chlorctiter process ^ t0 US . A « 2m „ g „ ug 5 * £ 

««- - - °" - — • —ed copo^er, removing 
~ haloaMating reagen, h™ to ^ crosslinJ[ed ^^J- 

^ *- * — - — ^ *>* P-ence of water and a «J 
solu e ^organic sah . ^ con(ents of US . A 4 2()7 ^ ^ 5 ^ ^ 

mto the present application by reference. 

Tta production of monodisperse ion exchange, i s described, for example, in the paten, 
do^ents US-A 4 444 96,, EP-A 0 046 535, EP-A 0 098 , 30, EP-A 0.0, 943 Ep H 
BP-A044S39,, EP-A 0 06 2 088 and US-A 44,9 2 45, the cnt^of ^h 
****** to tite production of ntonodisperse ion exchange., are htco.ora.ed J£ 
present apphcahon by reference. 

Monodisperse ion exchangers are produced, for exanrnl. ;„ 

A 0 046 535, by accordance with EP- 

producing dtop,e,s of uniform size fiom th. monomer or polymerization mixtore to 
be po.ymerized by injection into a continuously fed liquid which is equally 
tmmiscible with the monomer or polymerization mixture; 

encapsulating these dreplets of uniform size m said liquid continuously by 
nucreencapsulation processes known pe, se either ^ ^ , 
under me polymerization conditions to be employed, or firs, encapsulating mem 
wtti, a easing stable ,„ shear forces and, m a second substop, contiauously or 
batchwtse curing mis casing which is stable to shea, forces ,o form a casing which 
ts stable under the polymerization conditions to be employed; 

men polymerizing the monomer dreplets or polymerization mixmre droplet 

encapsulated with a casing stable under th» . . 

mg siaoie under the polymerization conditions to be 
employed, with the proviso 

a) that the monomer or the polymerization mixture is injected into the 
continuously fed continuous phase cocurrently with this; 



a) 



b) 
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B) 



Y) 



that the droplets are produced Md fa 

reaction vessel; " 
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(a) 



(d) 



*at the process steps a) and b) are carried out in such a m anne r that no 
forces altering the integrity of the droplets act on the droplets from their 
production up to their encapsulation. 

2? ~i rir ,amiMr flow — * • *— 

*« tough an orifi « ^ . phase which js ^ 

- ^ «— » — . a ^ medi i e 

forstabilizmgdropsofthemonomerphase; 
jet, defined by a Strouhal number of 0.15 to 1.5; 

subsequently e^bling tbe monomer drop, wbieh have a density tower man me 
dens,* of me suspension medium to aseend tough the medium, or fire mller 

tough ute medium Into a reaetor vessel tor a baton polymeria In such 
— *- essentia,* no polygon of monomer to.es plaee before th 
^tsfer of me monomer dmps into the reactor vessel, a„ d . fa ^ 

7to £Z ^ ° f ^ ~ - ^rmed, and is fiom 

phis 1 fi 0 " *" VOh,me ° f 1116 - ~— 

Phase a, ». ^ „„, of formatjon ^ . ^ ^ ^ ^ 

poking the suspend ^ up „ 



(b) 



(c) 
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b) 



15 



EP-A 0 098 130 according to: 

-W having a ^ of (i) . relatively ^ _ rf £ 
moncne, wfcch is S e lecte d styrene ™ 

unsaid monomere ^ heKrocycljc ^ » 

6/o by we.gh, „ f monomer ^ fa fte ^ rf 

«™u. sfeea „ bejng ^ ^ 

-to- Gom ay™ — « aUphatio ^ t monomere ^ 
~ C ° mP0UOdS - - TO 2 to .00% by weigh, of a pofy^yj^ 

« - rt a ««. ^ a partcIe agglomeratjon fe avoided> 
tep «„ a ^ SMd pan . des m ^ ^ ^ 

unbAtt,™ of fte monomer or of 

c^nuiag to „ iymaia6m of ^ swo|len ^ ^ 
copolymer particles and 

off tha copo.va.erpartCes flon, the aoucous su^oo mediunl 

25 e™ r; ,y - — ~ ion - - — * — - - 



20 



c) 



d) 



a) 
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b) 



C) 



d) 



10 



15 



swel.mg the poller partcles with a fct monomer ^ ?5 
pan, by weigh, of a monoe<hy,emca>>y unsa.ura.ed monomer, 0.5 «o 25 parts bv 
weigh, of a polyahylenicauy united monomer and a sufficien, amoun, 
essenftally wa,er-inso,ub.e ftee-radical-forming iniftator ,o ca,alyse ». 
polymenzauon of tte firs, monomer mix«ure, and . second m0n0Iner ^ ^ 

polymerizing ft. firs, monomer mixture in the polymer partic.es unti. 40 ,o 95 per 
«n, by weight of me monomers are converted to polymers, men 

continuing me addition of a second monomer mixture to this suspension, me second 
monomer mrxture comprising a monoe,hylenical.y unsaturated monomer, bu, 
esamuaUy no fi^ramcal-forming iniftators, me second monomer mixture being 
added un er condiuona which inCude a temperature sufficien, to ini,ia,e me fij 
tadrca. poiymerizarion of me monomer in me second monomer mixture, so ma, me 
monomer mixture ia imbibed by the polymer parndea and ,he polymerization of me 
second monomer mixtine in me polymer parfcles is catiuysed by me free-radical- 
formmg nntiator, which is preaen, in the firs, monomer mixtore, and me monomera 
of tire second monomer mixtiore, after the polymerization, making up 40 to 90 per 
cen. by weight of the copolymer beads. 

However according to EP-A 0448 391, monodisperse ion exchangers are also ob.aured 
for example, by the means that 



20 a) 



a wator-msoluble monomer which can be polymerized by a free-radical mechanism 
or a nuxftue of such monomera win, an m ^ m of ^ 
Pamela of mnform size is combined until sufficient monomer or mixftuTof 
monomers is combined to al,ow me particles to grow to a selected size and in which 
*e monomer or the mixture of monomem is combined wfth the „ dispel 
of s«d polymer parftc.es (i) in me presence of a dispersion sft.bi.izer and an oil- 
soluble fiee-ramca, polymerization initiator (ii) a, a .emperatoze which is a, .eas, as 
•ugh as ma, a, which me initiator is acftva,ed and (...) a, a rato such ma, an amonn. 
of me monomer or mixture of monomera eoual to me to<a, initial weigh, of me seod 
polymer parftcles would be combine, with me dispersion over a .ime period of 45 
JU to 120 minutes; and 
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b) the temperas of ft. monomez or CMnbined m _ ^ rf ^ ^ ^ 

a. leas, a, nigh as tha, a, which the initiator is activated unti. ail of the monomer is 
polymenzed, 15 

*ese stages being repeated if appropriate mrti, the selected size is eoua, to the seiected 
5 final particle size. tea 

However, according to EP-A 0 062 088, monodispetse ion exchangers are aiso obtained by 

a) imbibing a monomer mixture „f monoethylenical.y unsaturated monomer and a 
crosshnte irt seod powers which had been prodnced in advance from a 
monoethylenically unsaurated „ ^ „ ^ ^ % 
crossing, in snch a manner tha, the see, polymers do no, dissolve m me 
monomer feed, the amounts of ethylenically _ed monomer and crosslink 
for me seed pofymer being selected so tha, the resultant ion-exchanger resins have a 
htgh restaance ,o osmotic shock and have relatively high stability, 

b) polymerizing the imbibed monomer to form fed beads and 

macting with corresponding reagents , 0 form active ion exchangers which am made 
up of these seed polymers, 



15 c) 



20 



25 



™. - lUeratuze mfezences and patents aze only «o serve as examples of pmducuon 
Presses of crosslink function^ po,ys»rene polymer heeds which can bo used as a 
tober component with me ozganopdysiloxane po.ye.hezs as See-flowing ion exchangers 
n>cy aze tncorporated by reference into me contents of the present application T*e 

;™; f ° r ; XamPle * - - **~ by US-A 5,233,0*, bu, also in omer 
resms obtained via aqueous suapension. 

Aizeady in EP-A 0 868 212, ptocesses m described fc p 
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Acconnng ,o a variant of EP . A „ 868 ^ ^ ^ g 

^-active substancK . substances ^ here ^ 

^7 S ; 7" - of ethylene oxide ^ propyIene oxide to ' ~ 

*** of chau. ,engti,s C,,C, 4 or a^heno, poIyethylene glyc0 , elhers> ^ * 
^"actau* o, emuisifie*, such „ fany ^ _ J » 

an.on.0 * such as para*, su,phona,es. However> „ „ di _ J 

The object of the present invention was to «„h o u 

cnnon was to find an alternative potential use for 

in panticuiar a pcentia, use fa con.bu.In ^ ^ 
which arc obtamed from aqueous suspension. 

" ^ re ' ateS to °< ^ad on 

org»opo lyS ,,„xane powers and a, ,eas t one fisher sub St ance or component, pr ef J 
apc^er ob,ained fiou, a q ueous suspension, particu,ar. y ^ y . ^ 
n^onahzed po Iystyrene po^ner bead , md t0 ^ ^ rf ^ ^ 
b.ed on organopo Iysil oxane powers wi«h crosstinxed nmctionan^d po.va.vJe 

P-ferab., fiee.flow.ng monodisperse or he^disperse anion exchange or cation 
exchange,, b ut a.so fiee-flowu. g ^ of ^ md ^ ~ « BO » 

in a parfieuiar en.bodin.en, of fi,e presen, invention, „ 

2 J- « - — fiu.efionaH.ed p„ Iyayrene ^ ^ ~ 
fi^d or nixed w*h *. organopoivsfloxane po lye ,her in aq „eous suspension J 
■nnoducnon of air, nitiogen or ofcer gases and/or in «he presence of an oU. 

inventive m ixtiucs of substances, in particuiar with crosslink functionahzed 
po ys*- poivmer beads are suitab.e particu,ar ly for curing the fiee flowab " 
gangers, a particuiar for n,ac rop orous or gC-type anion exchange, or ^1 



-9 

Flowability in the ec— « of the invention means tha, the bed of the ion exchanger ean be 
h^orred under the influence of mvity wjthout ^ ^ rf ^ ^ 

*. free flowabflity i s assessed, for examp.e, „ sillg . W1 ^ ^ ^ ^ 

The inventive mixtures of substancos, i„ particular ^ crosslW[ed 
poiys^e po.ymer beads, penni, permanent* fee-flowing ion exchange. t0 be 
estabhsheo. This is particularly valuable for gel-type ion exchangers which, without special 
aftettieatment, are genereUy of only very poor flowability. The ^ of „, 
organopolysiloxane polye.be, is highly suitable in the case of stiongly acidic or stiongly 
baste or modemtCy basic fimctionalized po.ystyrene po lynier beads m<J ^ * 
Tie process is parti^ UgUy ^ fer ^ ■ 

functional,^ po.ystyrene polynter beads accotding to EP-A 1000 659 (cation 
exchange.) and accotding to EP- A , 000 660 (anion exchange.,. Both the contents of EP- 
A 1 000 659 and a!so the contents of EP-A 1 000 660 are incorporated into the present 
15 application by reference. 

According ,o EP-A 1 000659, monodispe^ g eI .^ e polystyrene ^ ^ 
obtained by 

a) fonning a suspension of seed polymer in a continuous aqueous phase, 

b) swelling the seed polynter in a monomer mtxtiu. of vinyl monomer, ctosslinxer and 
w free-radical initiator, 

c) polymerizing the monomer mixture in the seed polymer, 

d) functional^ the formed copolymer by sulphonation, characterized in that the 
seed polymer is a crosslinked polymer having a swelling index of 2.5 to 7 5 
(measured in toluene) and a content of non-volatile soluble fractions (measured by 
extraction with tetrahydrofuran) of less than 1% by weight. 

hi a particular embodiment of EP-A 1 nnn *<;o *u , 

ni oi t,ir A 1 000 659, the seed polymer used is a crosslinked 

polymer produced from 



10 



0 96.5 to 99.0% by weight of monomer, 
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") 0.8 to 2.5% by weight of crosslinker and 

iii) 0.2 to 1.0% by weight of aliphatic peroxyester as polymerization initiator. 

According to EP-A 1 000 660, monodisperse gel-type polystyrene polymer beads are 
obtained by 

5 a) developing a suspension of seed polymer in a continuous aqueous phase, 

b) swelling the seed polymer in a monomer mixture of vinyl monomer, crosslinker and 
free-radical initiator, 

c) polymerizing the monomer mixture in the seed polymer, 



d) 



rationalizing the formed copolymer by chloromethylation and subsequent 
!0 amination, 

characterized in that the seed polymer is a crosslinked polymer having a swelling index of 
2.5 to 7.5 (measured in toluene) and having a content of non-volatile soluble fractions 
(measured by extraction with tetrahydrofuran) of less than 1% by weight. 

In a particular embodiment of EP-A 1 000 660, the seed polymer used is a crosslinked 
1 5 polymer produced from 

i) 96.5 to 99.0% by weight of monomer, 
n) 0.8 to 2.5% by weight of crosslinker and 

iii) 0.2 to 1.0% by weight of aliphatic peroxyester as polymerization initiator. 

The organopolysiloxane polyethers are oligomeric or polymeric compounds containing 
20 organopolysiloxane sequences and polyether sequences. 

The organopolysiloxane sequences preferably consist of polyalkylsiloxane sequences very 
preferably of polymethylsiloxane sequences. The polyether sequences are preferably made 
up of ethylene oxide, propylene oxide or mixtures of propylene oxide and ethylene oxide 
The organopolysiloxane polyethers can have a block or comb structure 
25 Organopolysiloxane polyethers which additionally contain alkyl groups, amino groups 
hydroxyl groups, acryloxy groups and/or carboxyl groups are likewise highly suitable 
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Polyether-modified trisiloxanes, that is to say organopolysiloxane polyethers containing 
polysiloxane sequences of three siloxane units, are likewise highly suitable. 

Particularly highly suitable organopolysiloxane polyethers in the context of the present 
invention correspond to the formula I 



(CH 3 ) 3 — Si O- 



CH 3 



R 1 



Si— O-f-Si (CH 3 ) 3 

0) 



O — R 2 



where 



is a divalent unbranched or branched alkylene radical having 3 to 6 carbon atoms in 
the alkylene chain, 



R 2 



is a radical of the formula (C^C^R 3 , where m is a number >2.0 and *2 5 s is 
10 a number from 4 to 21 and is a hydrogen radical, an alkyl radical having 1 to 4 

carbon atoms or an acetyl radical, but where, when the radical R 1 has only 3 or 4 
carbon atoms, a blockwise arrangement of the oxyalkylene units corresponding to 
the formula (C^O-M^O-UC^O-)^ shall be maintained, where p is a 
number from 1 to 3, q is a number from 4 to 1 5 and r is a number from 0 to 3, 

*5 n is a number from 1 to 3, 

with the proviso that at least 50 mol% of the oxyalkylene groups are oxyethylene groups. 

R' is a divalen, unbranehed or btanehed alkylene radical having 3 to 6 earhon atoms in the 
alkylene chain. 

Examples of such radicals are the radicals -(CH 2 ) 3 -, -(CH 2 ) 4 -, -(CH 2 ) 6 -, 

-CH 2 CHj-CHCHj- 
20 CH 3 

Particular preference is given to the radical -(CH 2 ) 3 - and the radical -(CH 2 ) 6 -. 
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R 2 can have two different meanings which depend on the number of carbon atoms in the 
radical R 1 : 



10 



15 



R generally has the meaning of the radical ( Cm H 2m O-) s R\ where m is a number >2.0 and 
^2.5 and s is a number from 4 to 21. The index m is given by the ratio of oxyethylene units 
to oxypropylene units in the polyether and can have any desired value >2.0 and ^2 5 If m 
has a value of 2.5, this means that, for the case where, except for oxyethylene units, only 
oxypropylene units are present, that 50 raol% of the oxyalkylene units are oxyethylene 
umts and 50mo.o/o of the oxyalkylene units are oxypropylene units. The total number of 
the oxyalkylene units is given by the value of the index s. 

The arrangement of the oxyalkylene units can be random or blockwise. However if the 
carbon number of the radical R» is equal to 3 or 4, only the blockwise arrangement of the 
oxyalkylene groups is permissible, so that the radical R 2 must then correspond to the 
formula (C^ U C^WB&)tf. where p is a number from 1 to 3, q is a number 
from 4 to 15 and r is a number from 0 to 3. The indices p, q and r are average values here 
If the radrcal R' has 3 or 4 carbon atoms, the polyoxyalkylene chain of the radical R 2 
begms with at least one oxypropylene unit. This ensures that, even at a low carbon number 
of the radical R 1 , the inventive compounds have the desired stability to hydrolysis. 

n gives the number of the Afunctional siloxy units and has a value of 1 to 3. 

To ensure the water-solubility and wetting properties of the organopolysiloxane polyether 
20 it ,s necessary to meet the condition that at least 50 mol'/o of the oxyalkylene groups are' 
oxyethylene groups. 

Preferably, the radical -R»-0-R 2 has a molar mass of 400 to 70o'. 

R 3 is a hydrogen radical, an alkyl radical having 1 to 4 carbon atoms, or an acetyl radical. 
Preferably, R 3 is a hydrogen radical. 

25 The contents of EP-A 0612 754 Bl are incorporated into th. present a PpIi eation by 
reference. 

Suitable organopolysiloxane po.yeu.ers in the context of the present invention rue, 
however, also 
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are 



CH 3 

(CH 3 ) 3 -SiO— SiO-Si(CH 3 ) 3 
«fH 2 ) 3 

0-(C 2 H 4 0-) 6 (C 3 H 6 0-) 3 H 
(TEGO®wet 255, from Tego Chemie Service GmbH) 

and also the compounds according to US-A 3,299,1 12, the contents of which 
incorporated into the present application by reference and in which the compounds of the 
5 siloxanes containing a group of the formula (A) 

3^ OSiC " H 2m( OC 2 H 4 ) n (OC 3 H 6 ) p O* 
2 

and 1 to 4 groups of the formula (B) 
2 

are described, where 

a represents 0 to 2 

b represents 2 to 3 

R represents methyl or ethyl 

R' represents an alkyl group having 1 to 4 carbon atoms 

m represents 2 to 4 

n represents 4 to 17 

P represents 0 to 5, 

the ratio n to p is at least 2 to 1 



n + p represents 4 to 1 7 
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and the alkoxypoly(ethyleneoxy) group from silicon atom of (A) is bound via at least 2 
carbon atoms to a Cml^m group. 

Very particularly highly suitable organopolysiloxane polyethers in the context of the 
present invention correspond to the formulae H, m and IV. 



r 



R L 



R -i 



T 

PEJ 



R 



-O — R 

x R 



(n) 



? r t 



rrr 

R 



o — |i- 

xL 



-O Si R 

R 



(m) 



T 



f 

-O— Ji- 
R 



x i- 



r 

PE 



R 

I 

-O — Si- 

I 

L 



Yl— 



-O Si R 

R 



(TV) 



where 



10 



PE represents (CH 2 ) 3 -0-(C 2 H 4 OUC 3 H 6 0) ni -CH3 where n, m independently of 
another represent an integer from 1 to 1 00, 



X 
Y 
Z 
L 



one 



represents 1 to 200, preferably 1 to 25, 

represents 1 to 50, preferably 2 to 10, 

represents 1 to 50, preferably 2 to 10, 

represents C 2 to C 18 -alkyl, preferably C 2 to C 8 -alkyl and 
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R represents C, to C 4 -alkyl, preferably C, to C 5 -alkyl, particularly preferably ethyl 
methyl, very particularly preferably methyl, 



or 



as described in the product catalogue from Degussa Performance Chemicals, Goldschmidt 
Industrial Specialities, Product Catalogue Functional Materials fciv. No. 31-01 of 02/2002. 

5 Especially preferably, organopolysiloxane polyethers to be used according to the invention 
have the formulae 



(CH 3 ) 3 SiO— $iO-Si(CH 3 ) 3 



I 



(CH 2 ) 3 -0-(C 3 H 6 0-) 15 (C 2 H 4 0-) 8 CH 3 



H, 



? 

(CH 3 ) 3 SiO-^iO-Si(CH 3 ) 3 



(CH 2 ) 3 -O-(C 3 H 6 O-) 3 (C 2 H 4 O-) 10 C 3 H 6 O-H 



CH, 



(CH 3 ) 3 SiO- 



-SiO— 
(fH 2 ) 2 



L C H 2 -O-(0 3 H 6 O-) 2 (C 2 H 4 O)^C-CH 3 _ 



Si(CH 3 ) 3 



f" 3 

(CH 3 ) 3 SiO— ^iO-Si(CH 3 ) 3 

(CH 2 ) 3 -0-C 3 H 6 0-(C 2 H 4 0-) 6 C 3 H 6 0-H 

CH 3 

(CH 3 ) 3 SiO— ^iO-Si(CH 3 ) 3 

(CH 2 ) 6 -O-(C 3 H 6 O-) 3 (C 2 H 4 O-) 10 H 

(CH 3 ) 3 SiO-^iO-Si(CH 3 ) 3 

(CH^-O-^H^O-^H 



where 



m represents 2 or 4. 
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The orgaoopo.ysiloxane ethers from Degussa are marketed under the hrand name 
Tegopren . Especially preferably, according to the invention, those which are suitame for 
crosslinked rationalized polystyrene polymer beads are Tegopren® 5840 and Tegopren® 

5 The molar masses (weigh, averages) of the organopolysiloxane polyethers which are 
statable according to the invention are 200 ,„ 20000, preferably 300 to 3 000, particularly 
preferably 400 to 1 000. 

The organopolysiloxane polyemers are used in an amount of 0.4 g to .5 g, prefembly in an 
amount of 1 , to 8 g, per ,i«re of crosslink* tuncuonalized polystyrene poller beads. 

10 The crosslinked functionalized polygene polymer beads can be treated with an 
organopo.ysi.oxane po.yeU.er as mois, product on a suction filter, in aqueous suspension in 
a maetor, or as a fixed bed or fluidized bed in a column. Preferably, the treatment is 
performed in a column, the organopolysiloxane polyeUter being added dissolved in 0 2 to 
1 0 1 of water, preferably 0.3 to 3 1 of water. 

.5 It has proved to be very expedient to pass air, nitrogen or another inert gas through the 
aqueous suspension during the treatment In m mmner> io „ 
particularly favourable flow properties are obtained. 

In a particular embodiment of the present invention, the crosslinked functionalized 
polystyrene po Iym er beads are treated with organopolysiloxane polyemer in the presence of 
an otl. The oil decreases foam formation during the „se of air or nitrogen and does no. 
impair die action of the organopolysiloxane polyether. 

Aa oil, use is made of subsunces based on organic oils, organically modified siloxanes 
sthcones, mineral oils, powers and outer hydrophobic substances. Preferably mineral' 
otls or silicone oils based on polydimethylsiloxane are used. Mixtures of different oils are 
25 also highly suitable. 

The oils are used in an amount of 0.2 g ,o 8 g, preferably in an amoun. of 0.5 g to 4 g per 
lure of crosslinked functionalized polystyrene polymer beads. 
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The free-flowing mixtures of substances obtainable according to the invention, in particular 
the free-flowing monodisperse or heterodisperse ion exchangers, have an extraordinarily 
good flowability which is retained in full even after a relatively long storage time of several 
months even at elevated temperature (for example 50°C) or low temperature (for example 
5 -10°C). The products are particularly highly suitable for filling filters and cartridges. 

On account of the extraordinary free flowability, the anion exchangers and cation 
exchangers treated with organopolysiloxane polyethers are suitable for numerous uses. 

The present invention therefore also relates to the use of mixtures of substances of 
organopolysiloxane polyethers and crosslinked polystyrene polymer beads which have been 
10 functionalized to form anion exchangers 

for removing anions from aqueous or organic solutions or their vapours 
for removing anions from condensates, 

for removing colour particles from aqueous or organic solutions, 

• for decolorizing and desalting glucose solutions, wheys, dilute gelatin broths, fruit 
5 juices ' musts or s ^ars. preferably mono- or disaccharides, in particular 

fructose solutions, cane sugar, beet sugar solution, for example in the sugar 
industry, dairies, starch industry and in the pharmaceutical industry, 

for removing organic components from aqueous solutions, for example humic acids 
from surface water, 

3 - for purifying and treating waters in the chemical industry and electronics industry, 
in particular for producing ultrapure water, 

in combination with gel-type and/or macroporous cation exchangers for 
demineralizing aqueous solutions and/or condensates, in particular in the sugar 
industry. 

The present invention further relates to 

processes for removing anions, preferably anions of strong acids, such as chloride, 
sulphate, nitrate, from aqueous or organic solutions and their vapours, 



le A 36 568-Foreifm Counfries 

- 18 



- processes for removing anions, preferab.y anions of strong acids, such as chloride 
sulphate, nitrate, Son condensates, 

- processes for removing colour panicles fern aqueous or organic solutions, 

- processes for decolorizing and desalting gltKose wheys _ ^ 
broths, fhu. juices, fruit musts or sugars, pre ferably mono- or disaccharides in 
partocular cane sugar, fructose solutions or bee, sugar solutions, for example in the 
sugar, starch or pharmaceutical industry or in dairies, 

• Passes for removing organic components from aqueous solutions, for example 
humic acids from surface water 

■0 using mixtures of substances of organopolysiloxane polyether and crosslink p olystyrene 
polymer beads which have been fimetionalized to form anion exchangers. 

Tit. present invention a.s„ relates, however, to the use of mixtitres of substances of 
org^opolysaoxane po.ye.be* with crosslink po,ys*rene polymer beads mnctionaUzed 
to form cation exchangers 

15- for removing cations, colour particles or organic components from aqueous or 
organic solutions and condensates, for example process condensates or turbine 
condensates, 

for softening, in neutra! exchange, aqueous or organic solutions and condensates 
for example process condensates or turbine condensates, 

> - for purifying and ^ watm ^ ^ ^ 

and power stations, 

for demineralizmg aqueous solutions and/or condensates, characterized in tha, these 
are used in combination with gel-type and/or macroporous anion exchangers, 

- for decolorizing and desalting wheys, dilute gelatin broths, fruit juices, frui, mIlsts 
and aqueous solutions of sugars, 

- for drinking water treabnen. or for producing ultrapure water (necessary in 
mtemehip production for the computer mdustey), for the chromatographic 
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separeno. of glucose and fructose, and ^ catalysts for vaiious chemical 
(for example in the production of bisphenol A fiom phenol and acetone). 
The present invention therefore also relates to 

- processes for demineralizing aqueous solutions and/or condensates, for example 
process conde^ates or turbine condensates, characterized in tha, cation exchangers 
treated according to the invention with organopolysiloxane po.ye.hers are used in 
combination with heteredisperse or monodisperae gel-tvpe and/or macropo ro us 
anion exchangers, 

combinations of cation exchangers treated according to the invention with 
organopolysiloxane po.ye.hers with heterodisperse or monodisperae. gel-type 
and/or macroporoua anion exchangers for demineralizing aqueous ao.utiona and/or 
condensates, for example process condensates or turbine condensates, 

process* for puriiying and treating wators of me chemical induatiy, me electixmies 
mdustiy and power stetions, characterized in ma, cation exchangers freated 
accordmg ,o tile invention with organopolysiloxane polyethera are used, 

presses for softening, in neutral exchange, aqueoua or orgastic ao.utiona and 
condensates, for examp!e process condensates or turbine condensates, characterized 
tn ma. cation exchangers «rea,ed aceording to me invention with 
organopolysiloxane polyethers are used, 

processes for decolorizing and desalting wheys, dilute ge.atin brems, frui, juices 
fhu, musts and aqueous solutions of sugam in me augar. sterch or pharmaceutical' 
mdustiy or dairies, characterized in ma. mixteres of substencea of 
organopolysiloxane polyemem and crossed polya^rene polymer beads 
mnctionalized to form cation exchangers are used. 
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Examples 

Test of flow ability 

Description of the funnel for testing flowability 

The resin sample under fesf is charged from ft. ,„p into the funnel (Fig. » which is closed 
a, .he bottom, the funnel being completely filled wilh resin. To tes, fte flowability .he 
lower opening of.be funnel is opened and dre toe Up «o complete emptying „f «h e ranne , 
» measured. A resin is flowable if me resin has flowed fieely from me funnel in a 
reasonable time. Reasonable in me con«e*« of <he p reS en. invention is me time which is 
avadab.e in practice for charging a cartridge with resin material. Non-Howable resins 
10 remain in the funnel and do not flow out. 

Example 1 Comparison without surfactant 

500 ml of polype polymer beads functioned to form me cation exchanger and 
produced according to EP-A 1 000 659 are charged into a glass column having a diatneter 
of 15 cm and a length of 70 cm. 360 ml of water are pumped through from the bonom in 
40 mmutes. The water is men allowed to flow ou« again and i, is pumped again through the 
resm. Thereafter air is blown through fte suspension for 30 minutes. The entire suspension 
.s placed on a suction filter and filtered offwitt, suction for 5 minutes. A subqnantiry of the 
filtered resm mass is charged into the funnel for determhung the flowability. The resin 
mass does not flow out of the funnel. 

lSaHEle2 Comparison with surfactant according to EP-A 0 868 212 

500 ml of polysryrene polymer beads fhncnonalized «o form the cation exchanger and 
produced seconding to EP-A 1 000 659 are charged into a glass column having a diameter 
of 15 cm and a lengtir of 70 cm. 360 ml of a 0.5% strong* by weigh, aqueous solution of 
me emulsifier Mersola, K 30®, an anionic surfacfan. of tire paraffin sulphonafe type 
according fo EP-A 0 868 2f2, are pumped through from fhe bottom in 40 minutes The 
solution is men allowed fo flow ou, again and i. is pumped again through me resin 
Thereafter air is blown through the suspension for 30 minutes. The entire suspension is 
Placed on a suction filter and filtered otTwifh suction for 5 minutes. A subquantity of me 
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filtered resin mass is charged into the funnel for determining the flowability. The resin 
mass does not flow out of the funnel. 

Example 3 (according to the invention) 

500 ml of non-flowable polystyrene polymer beads functionalized to form the cation 
exchanger and produced according to EP-A 1 000 659 are charged into a glass column, 
diameter 15 cm, length 70 cm. 360 g of an aqueous solution containing 0.5% strength by 
weight alkoxylated organopolysiloxane polyether Tegopren®5840 and also 0.25% by 
weight of antifoam are pumped through from the bottom in 40 minutes. The solution is 
then allowed to flow out again and it is pumped again through the resin. The entire 
suspension is placed on a suction filter and filtered off with suction for 5 minutes. A 
subquantity of the filtered resin mass is charged into the funnel for determining the 
flowability. The resin mass flows completely out of the funnel in 3 seconds. 

Example 4 (according to the invention) 

500 ml of non-flowable polystyrene polymer beads functionalized to form the cation 
exchanger and produced according to EP-A 1 000 659 are charged into a glass column, 
diameter 15 cm, length 70 cm. 360 ml of an aqueous solution containing 0.5% by weight of 
alkoxylated organopolysiloxane polyethers Tegopren®5847 and also 0.25% by weight of 
antifoam are pumped through from the bottom in 40 minutes. The solution is then allowed 
to flow out again and it is pumped again through the resin. Thereafter air is blown through 
the suspension for 30 minutes. The entire suspension is placed on a suction filter and 
filtered off with suction for 5 minutes. A subquantity of the filtered resin mass is charged 
into the funnel for deterniining the flowability. The resin mass flows completely out of the 
funnel in 2 seconds. 

Example S 

500 ml of a mixture consisting of 250 ml of non-flowable crosslinked polystyrene polymer 
beads functionalized to form the cation exchanger and produced according to 
EP-A 1 000 659, and also 250 ml of non-flowable crosslinked polystyrene polymer beads 
functionalized to form the anion exchanger and produced according to EP-A 1 000 660 are 
charged into a glass column, diameter 15 cm, length 70 cm. 360 ml of water are pumped 
through from the bottom in 40 minutes. The water is then allowed to flow out again and it 
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is pumped again through the resin. A subquantity of the filtered resin mass is charged into 
the funnel for determining the flowability. The resin mass does not flow out of the funnel. 

Example 6 (according to the invention) 

500 ml of a mixture consisting of 250 ml of non-flowable crosslinked polystyrene polymer 
beads functionalized to form the cation exchanger and produced according to EP-A 
1 000 659, and also 250 ml of non-flowable crosslinked polystyrene polymer beads 
functionalized to form the anion exchanger and produced according to EP-A 1 000 660 are 
charged into a glass column, diameter 15 cm, length 70 cm. 360 ml of an aqueous solution 
contaming 0.5% by weight of alkylated organopolysiloxane polyether Tegopren®5840 
and also 0.25'Zo by weight of antifoam are pumped through from the bottom in 40 minutes 
The solution is then allowed to flow out again and it is then pumped again through the 
resm. A subquantity of the filtered resin mass is charged into the funnel for determining the 
flowabihty. The resin mass flows out of the funnel in 2 seconds. 



